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ABSTRACT 



In a robot for compensating gravitational torque, vari- 
ous types of installation postures, including installation 
of a floor and hanging from a ceiling, can easily be 
realized. Namely, the characteristics of the gravita- 
tional balancer are selected in order to compensate for 
various postures of the robot, such as that when in- 
stalled on a floor or hung from a ceiling. Also, a direc- 
tion of the compensation torque can freely be changed 
by adjusting a spring mounting position in the rotational 
link or in the stationary link. Further, adjustment of the 
compensation torque can freely be carried out by pro- 
viding a plurality of spring set positions in the stationary 
link as v^ell as in the rotational link. In addition, adjust- 
ment of the compensation torque can freely be carried 
out also by adjusting the mounting length of a spring set 
between the stationary link and &e rotational link. 

10 Claims, 21 Drawing Sheets 
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spring 4' is sufliciently ]ess than the gravitational torque 
ROBOT in the case, in which the spring 4' is not provided. Thus, 

the gravitational balancer provides for effective action. 
FIELD OF THE INVENTION FIG. 21 shows a conventional industrial robot dis- 

This invention relates a robot for compensating grav- ^ closad in Japane^ No. SHO 

itational torques, 63-36914 described above, and referring to this figure, 

designated at 100 is a stationary rest at 20 is a rotational 
BACKGROUND OF THE INVENTION base rotationally supported on the stationary rest 100, at 

FIG. 19 is a view illustrating the construction and ^"^H^ rotationally supported on the rota- 

operation of a conventional industrial robot, which is tionzl bast 200 at 350 a second arm rotationally sup- 
shown in. for instance, Japanese Patent Publication No. ported on ^e fiist arm, at 330 a movable support end 
SHO 63-36914. Referring to the Figure, designated at t ^^"^^ "^J^"" neighborhood of a center for rotation of 
is a stationary link, at 2' a rotational Unk, at 3' a rota- second arm on the first ann 300 at 420 a stationary 

tional joint, at 4' a tension coil spring, at 5' a movable ^PP?^ end fomed in the neighlwrhood of a center for 
supportcnd,at6'astationarysupportend,at7a'and76' rotation of the first ann 300 on the rotaUo^ 
directions (g) of gravitational acceleration, and at 8'a ^ ^ ^^J, ^"""^ '"P; 

base mounting part (such as a floor or a ceiling). ported on the movable support end 330 and another end 

With the above construction of the conventional thereof rotatoondlysupporte^^ 
robot, the distance L between the movable and station- ^""i f V* ^ f??^."^ revolution dn vmg motor 
ary support ends 5' and 6' varies in dependence on the ^ ^"^^ ^ ^ revolution, 

posture of the rotational link 2'. Therefore, the gravita- The operation will now be described When the first 
tional torque exerted to an actuator (not shown) for ^ ^^"^ ^ ^"^^^^ posture against the vertical 
driving the rotational joint 3' is compensated for with dn-ecUon. the second revolution dnvmg niotor is re- 
the restoring force of the tension coil spring 4' con- qmred to generate a torque for the first arm 300 and the 
nected between the movable and stationary support ^5 second ann 350 to maintam their posture resistmg a 
ends y and 6' gravitational torque causmg the arms to drop naturally. 

With this gravitational torque compensation, it is For tte reason, when the first a^^ 
possible to reduce the capacity of the actuator, and the ^"PP®'* ^30 is mcLncd, and the spring 440 

gravitational balancer thus may be used for the pur- compared to m its vertical posture to gener- 

poses of reducing the shape, weight and cost. ^0 ate a tensile force. The tensile force works m a direction 

The operation will be described by assuming that a offsettoig the gmvitational torque, thus ttie load to the 
counterclockwise torque about the roUtional joint 3' is revolution dnvmg motor is^eviated. 

a positive torque. Denoting the free length of the ten- Among other reference technical literatures relating 
sion coU spring 4' by the spring constant thereof by *° ^,P!?^^ invention, there are "Gravitj^onal Bal- 
k and the initial tension by F, the compensation torque Sff^' ^J^^?'^^ J° Japanese Fatwit Laicl^n No. 
Provided by the spring 4' b^ Tc can be obtained using SHO 55-35735, Spnng Assembly for Balanang" dis- 
the following equations 1. ^ Japanese Patent Apphcation Laid^pen No. 

^ ^ SHO 63-221991 and "Gravitational Balancer" disclosed 

7'c»{iK'L-Ljv)+i=M<^sin 9/1. ^ Japanese Patent Application Laid-Open No. HEX 

40 4-19092. 

and The above conventional industrial robot, however, 

has a problem. That is, although it provides its function 
L2«l2+r2-.2.l.«x» $ (Equatniu 1) when it is installed on a floor, it does not provide the 

function in other installation postures (for instance 
wherein, 45 when it is hung from a ceiling). 

L: Length of the spring 4' (a distance, between the This will now be described with reference to FIGS, 
movable support edge 5' and the fixed support edge 19 and 20. In the case of hanging from a ceiling, m 
6*) which case the gravitational (g) acceleration is exerted 

1: A distance between the movable support edge 5' in a direction 7b' shown in FIG. 19, the sign of the 
and the center of the rotary joint 3' when the rotary SO gravitational torque is changed from that in the case of 
line 2' is in the vertical posture installation on a floor shown in FIG, 20. In this case, the 

r: A distance between the center of the rotary joint 3' absolute value of the sum of the gravitational torque 
and the fixed support edge 6' exerted to the actuator for driving the rotational joint 3' 

$: An angle of the rotary link 2' - and the compensation torque Tc provided by the spring 

Tc: Compensation torque by the spring 4' 55 4' is considerably greater than the absolute value of the 

k: Spring constant of the spring 4' gravitational torque in the case in which the spring 4' is 

F: Initial tension of the spring 4' not provided. Obviously, therefore, the gravitational 

FIG. 20 shows examples of the compensation torque balancer in this case does not provide a desired tunc- 
Tc exerted to the spring 4'. The Figure also shows ex- tion. 

amples of the gravitational torque in case when the 60 With the above construction of the conventional 
gravitational balancer is installed on a floor, in which industrial robot, an effect to alleviate a load to a driving 
case the gravitational acceleration is exerted in a direc- motor when the ann is in an inclined posture is pro> 
tion 7a* (shown in FIG. 19). In the case of installation on vided, but a spring must be disposed in the outer side 
a floor, the gravitational torque or gravitational force is from the first arm, so that a position to support the 
considerably reduced by the compensation torque pro- 65 spring is limited and optimization of the spring charac- 
vided by the spring 4', and the sum of the gravitational teristics can not be achieved by adjusting its mounting 
torque exerted to the actuator for driving the rotational position. In addition, as excellent appearance is required 
jomt 3' and the compensation torque Tc provided by the for industrial robots in recent years, such problems as 
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exposition of a spring to the outside of an industria] including installation of a floor and hanging from a 

robot detracts from the appearance of the industrial ceiling, can easily be realized. Namely, the characteris- 

robot. Finally, reliability is reduced due to such causes tics of the gra vitational balancer against a posture of the 

as scattering of broken pieces of the spring, when bro- rotational link can freely be adjusted in dependence of a 
ken, or biting of foreign materials. S posture of the robot such as that when installed on a 

SUMMARY OF THE INVENTION "l^^SZ^^co^o. torque can 

It is therefore an object of the present invention to freely be changed by adjusting a spring mounting posi- 

. solve the above problems, is to provide a robot, which tion in the rotational link or in the stationary link, and 
permits effective action to be obtained easily in various 10 also adjustment of the compensation torque can freely 

installation postures, does not require exclusive cover, be carried out by providing a pliffality of spring set 

can ensure safety and can be constructed inexpensively. positions in the stationary link as well as in the rota* 

It is another object of the present invention to pro- tional link, In addition, . adjustment of the compensation 

vide a robot having an attractive design and having a torque can freely be carried out also by adjusting the 
high reliability joint structure compensating for gravity. 13 mounting length of a spriAg set between tfaie stationary 

According to the invention, there is provided a robot link and the rotational link, 

having an actuator for driving a rotational joint cou- Other objects and features of this invention will be- 

pling a stationary link and a rotational link to each other come understood from the following description with 

to cause rotation of said rotational link and a spring reference to the accompanying drawings, 

means exertins a force between the stationary link and 20 

the rotational tok u> com^^ f^VS^^^ti^ DESCRIPTIQN OF THE DRAWINGS 

torqiie of the rotational link. The robot comprises a FIG. t shows the construction and operation of a 

mounting position adjusting apparatus for adjusting a robot according to the invention when installed on a 

mounting position of the spring to change the direction floor. 

of the compensation torque provided by the spring so 25 FIG. 2 shows gravitational torque and compensation 

that the absolute value of the sum of the gravitational torque provided by a spring in the robot of FIG. 1 

torque and the compensation torque will be smaller installed on a floor. 

than the absolute value of the gravitational torque sub- FIG. 3 shows the construction and operation of a 

stantially through out the operational range regardless robot according to the invention when hung from a 
of the installation posture of the robot. 30 ceiling. 

The robot according to the invention, is arranged FIG. 4 shows gravitational torque and compensation 

such that changing the direction of the compensation torque provided by a spring in the robot of FIG. 3 hung 

torque by the mounting position adjusting apparatus is from a ceiling. 

carried out by adjusting the mounting position of the FIG. 5 shows a structure for varying the position of 

spring means in the rotational link or/and by adjusting. 35 a movable support end in the robot according to the 

its mounting position in the stationary link. invention. 

The robot according to the invention, is arranged FIG. 6 shows a different strticture of the robot ac- 

such that a plurality of spring set positions are provided cording to the invention, 

in the stationary link as well as in the rotational link. FIG. 7 shows a spring mounting length adjusting 

The robot according to the invention, is arranged 40 mechanism in the gravitational balancer according to 

such that an adjusting apparatus for adjusting the the invention. 

mounting length for the spring set between the station- FIG. 8 shows a different structure of a robot accord- 

ary link and the roUtional link is provided. ing to the present invention Qn which the coil spring. 

According to the invention,, there is provided a robot movable support end and stationary support end are 

comprising a stationary rest fixed on a floor, a rotational 4S protected by a cover for the base section), 

base rotationally supported on the stationary rest, a first FIG. 9 shows a further different structure of a robot 

arm rotationally supported on the rotational base, and a according to the present invention (in which a compres- 

second arm rotationally supported on the first arm. A sion coil spring is installed on a floor), 

stationary support end is provided in the neighborhood FIG. 10 shows a still further different structure of a 

of the stationary rest on the rotational base, a movable 50 robot according to the present invention (in which a 

support end is provided in the neighborhood of the compression coil spring is hung from a ceiling), 

center of rotation of the first arm on said flrst arm, and FIG. 11 shows other structure of a robot according to 

a spring rotationally supported is disposed on the sta- the present invention (in which a leaf spring is installed 

tionary support end as well as on the movable support on a floor). 

end respectively. 35 FIG. 12 shows other different structure of a robot 

The robot according to the invention, is arranged according to the present invention (in which a leaf 

such that the rotational base is U-shaped with a furst spring is hunt from a ceiling). 

revolving driving means for the rotational base flxed FIG. 13 shows still other different structure of a 

inside said U-shaped space and one end of the spring robot according to the present invention (in which a 

rotationally supported at the opening section of said W position of a movable support end of a leaf spring is 

U-shapied space. adjusted. 

The robot according to the invention, is arranged FIG. 14 shows another structure of a robot according 
such that either one or both of the spring set positions to the present invention (in which a position of a station- 
can be adjusted, ary support end ofaieafspring is adjusted by changing 

The robot according to the invention, is arranged 65 the position from one of the set positions provided on 

such that the spring is covered with a cylindrical cover. the stationary section to another. one. 

As described above, with the robot according to the FIG. 15 shows yet another structure of a robot ac- 

present invention, various types of installation postures, cording to the present invention (in which the spring 
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characteristics is adjusted by changing a method of the spring 4 is not provided. Accordingly, the gravita- 

supporting a stationary support end of a leaf spring). tional balancer provides effective action. 

FIG. 16 is a cross sectional view illustrating a struc- Now, the case of hanging from a ceUing will be de- 

turc of a robot according to the present invention. scribed. In this case, the gravitational acceleration (g) is 

FIG. 17 IS a cross sectional view illuslratmg a struc- 5 exerted in a direction 7^^ shown in FIG. 3. In this instal- 

ture of another robot according to the present invcn- lation posture, the movable support end may be set at 

Si^ «o- . the position 56- FIG. 4 shows an example of the com- 

FIG. 18 IS a cross secuon of the robot shown m FIG. ^^^^^^ ^^^^^ ^^^^^^^^ ^y the spring 4 and the 

m^tn?^ ♦ . \ r gravitational torque in this case. It will be seen that the 

tioS ^^i)?^ ' gravitational torque is greatly reduced by the compel 

FIG. 20 shows a graph showing a relation between a ^^^^ ^'"""f^ ^^^^^"^^ ^' '^'^ ^^'"^IT 

gravitational torque and a com^tion torque pre sum of the gravitational torque exerted to 

vided by a spring in the robot shown in FIG. 19 when rotational joint 3 an the 

installed on a floor and when hung from a ceUing. 15 compensation torque provided by the spnng 4 is 

FIG. 21 shows a structure of another conventional sufficiently less than the absolute value of the 

robot. gravitadonal torque in the case, in which the spring 4 is 

not provided, thus showing that the gravitational bal- 
DESCRIPTION OF THE EMBODIMENTS ancer provides effective actioa 

Now, a first embodiment of the invention will be 20 ^ shows a structure for permitting variation of 

described with reference to the drawings. FIG. 1 is a position of the movable support end 5 as in the 

view illustrating the construction and operation of a above embodiment In this instance, a portion for 
robot according to the invention. In this structure, mov- mounting the movable support end 5 therein has holes 
able support end 5 can be disposed at one of two posi- 16a and 16^. A pin 9 with a groove 17 for attaching the 
tions 5a and Sb, each spaced apart a distance ra from the 25 spiiag end may be inserted in one of these holes 16a and 
center of the rotational joint 3. Stationary support end 6 166. The structure thus permits the position of the mov- 
is disposed on base 14. able support end 5 to be varied easily in dependence on 

The operation will now be described. By setting a, b, the installation posture. 

and $' as shown in FIG. 1, the compensation torque A second embodiment will now be described. In the 
T^ provided by the spring 4 is obtained using the fol- 30 first cmbodunent, the fixed distance ra is set between the 
lowing equations 2. movable support end 5 and the center of the rotational 

_ J. r \ \ i^^^ ^> ™^ ^ movable si^port end 5 may be mounted 

Tca^ika{La^LNoHF<ihK posltioHs which are different in phase 

Abcos 7 (0 un 7^6). from each other. It is also possible to permit mounting 

35 of the movable support end at one of three or more 
tan ys(6-nj<as Byip-ntin 0% different positions, as shown in FIG. 6. It is farther 

possible to permit variation of the distance tz between 
and the movable support end 5 and rotational joint 3. Fur- 

ther, it is possible to permit variation of the position of 
Zii2=(u-/»8in +(*-ni.cos 0'f (Equations 2) 40 the stationary support end 6 for adjusting the character- 

. istic of the gravitational balancer. For the structure for 

u^^' - J. , f varying the position oftiie stationary support end 6, the 

h: A length of a ^rpendicuUr hne to the center Ime method shown in conjunction witii the first embodi- 

of the spnng 4 from the a center of die rotary jomt ^^nt, with the pin inserted in a hole, may be used. 
V- Anele shown in FIG 1 A third embodiment will now be described. In the 

t1 AiL„^v«f*i,*, A/A^'* w ♦ preceding embodiments, a structure of permitting varia- 

* i'f © ary supportend5or6,isusedtovary thecharactcnsttc 

la: A distance between tiie center of the rotary joint 50 f th« <>onipensation torque T^ provided by the spring 

3 and the fixed support edge 5 4 witii tiie posture of tiie rotaUonal Imk 2. thus permit- 

0a: An angle of the rotary link 2 installation postures to be effective. In this 

LNa: A free length of tiie spring 4 embodiment, as shown in FIG. 7. the mounting length 

Tea: Compensation torque by tiie spring 4 of sprmg 4 is made variable to vary the magnitude of die 

ka: Spring constant of tiie spring 4 55 restoring force of the spring 4. Thus, die magnitude of 

Fa; Initial tension of tiie spring 4 **** compensation torque T^ provided by the spring 4 

In tiie case of instaUation on a floor, in which case tiie ^ be adjusted according to die ma^tude of the load, 

gravitational acceleration (g) is exerted in the direction Rrferring to FIG. 7, designated at 10 is a mechanism for 

7a in FIG. 1, the movable support end may be set at tiie adjusting the mounting length of the spring 4, at 11 a 

position 5a shown in FIG. 1. FIG. 2 shows an example 60 a nut, and at 13 a mounting section for mount- 

of the compensation torque Tea provided by the spring >'*g ^ hook of the spring 4. The mounting length of the 

4 and the gravitational torque. It will be seen that the spring 4 can be adjusted by turning the nut 12 with 

gravitational torque can be greatly reduced by the com- respect to the boh 11. 

pensation torque provided by the spring 4. Thus, the In a further embodiment, with stationary support end 

sum of the gravitational torque exerted to the actuator 6S 6 disposed on base 14 and movable support end 5 dis- 

for driving the rotational joint 3 and the compensation posed in the neighborhood of rotational joint 3, a cover 

torque Tea provided by the spring 4 is made suflicientiy 15 of the base 14 can conceal the coil spring 4 and mov- 

less than the gravitational torque for the case in which able and stationary support ends 5 and 6 as well (see 
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FIG. 8). Thus, a concealed structure of gravitational is smaller as compared to a gravitational torque when 

balancer can be readily realized. the spring 44 is not used with the first arm 30 maintained 

While the preceding embodiments of the gravita- in an inclined posture against the vertical direction, 

tional balancer used the tension coil spring 4, with a Thus, a load to the first revolution driving motor 21 is 

gravitational balancer using a compression coil spring in 5 alleviated. 

lieu of the tension coil spring 4, the same effects can be FIG. 18 is a cross sectional view of what is shown in 

obtained by using the structure for varying the positions FIG. 16 taken along the line 18—18, In this figure, the 

of the movable and stationary support ends and the reference numeral 2Qa indicates a U-shaped opening 

mechanism for adjusting the mounting length of the coil section of the rotational base 20, while the reference 
spring 4 as in the preceding embodiments. FIG. 9 is a 10 numeral 70 indicates a cable movably installed along the 

view corresponding to FIG. 1 above showing a case aroed section of the rotational base 20. Because of this 

wheii a compression coil spring 4a is installed on a floor. U-shaped form of the rotational base 20, the stationary 

Mounted base while FIG. 10 is a view corresponding to support end 42 is .fixed in the ppenmg section 20a of the 

FIG. 3 above showing a case when the compression coil U-shaped section and the cable 70 is installed along the 
spring 4o is hung from a ceiling. IS arced section, which permits realization of a compact 

In a further embodiment, a leaf spring may be used. construction. 

FIG. llisaview correspondiiig toFIO. laboveshow- In FIG. 17, the reference numeral 20b indicates a 

ing a case when a leaf spring 4b is installed on a floor. stationary support end mounting , section provided in a 

Mounted base while FIG. 12 is a yiew corresponding to. U-shaped opening Isection of the rotational base 20, 

FIG. 3 above showing a case when the leaf spring 4^ is. 20 while the reference numeral 31^ indicates a movable 

hung from a ceiling, FIG. 13 is a view corresponding to support end mounting section provided at one end of 

FIG. 6 above showing a case when a position of the the second revolution driving motor 31. The spring 

movable support end of the leaf . spring 46 is adjiisted. characteristics can: be changed by adjusting the mount- 

FIG. 14 is a view: corresponding to FIG. 6 above show- ing sections for the moyable support end 33 and the 

ing a case when a position of the stationary support end 25 stationary support end 42, as desired, 

of the leaf spring 4/> is changed from one of the set In FIG. 16, the reference numeral 46 indicates a 

positions provided on the stationary sections 4c to an- spring cover to protect the spring 44, the spring cover 

other one, and FIG. 15 is a view illustrating a case when having a cylindrical form with the bottom face notched 

the spring characteristic is adjusted by changing a in a rectangular form so that a hook 44 can be exposed 

method of supjpoiting the stationary support end of the 30 and the other face opened. The cover 46 can prevent a 

leaf spring 46. cable 70 from being cut, even if the cable 70 moves in a 

FIG. 16 is a cross sectional view Ulustratmg the con- way to interfere the spring 44. Also, when the spring 44 

structionofthc robot. andFIG. 17showsasideviewof contracts or extends, the spring cover 46 can freely 

what is shown in FIG. 16. Referring to FIG. 16, desig- move according to contraction or extension of the 

nated at SM) is a stationary rest, at 20 a rotational base 35 spring 44. 

rotationally supported by a bearing 18 on the stationary As described above, with the robot according to the 

rest 90, at 21 a first revolution driving motor which is present invention, various types of installation postures, 

fixed inside the rotational base 20 and effects a relative including installation of a floor and hanging from a 

rotation of the rotational base 20 against the stationary ceiling, can easily be realized. Namely, the characteris- 

rest 90 via a reduction gear 24, at 30 a first arm rotation- 40 tics of the gravitational balancer against a posture of the 

ally supported by a bearing 28 on the rotational base 20, rotational link can freely be adjusted in dependence of a 

at 31 a second revolution driving motor which is fixed posture of the robot such as that when installed on a 

on a first arm and effects a relative rotation of the first floor or hung from a ceiling. 

arm against the rotational base 20 via a reduction gear Also a direction of the compensation torque can 

34, at 33 a movable support end fixed via the second 45 freely be changed by adjusting a spring mounting posi- 

revolution driving motor 31 in the neighborhood of a tion in the rotational link or in the stationary link, and 

center for rotation of the first arm on isaid first arm, at 42 also adjustment of the compensation torque can freely 

a stationary support end fixed in the neighborhood of be carried out by providing a plurality of spring set 

the stationary rest 90 on the rotational base 20, and at 44 . positions in the stationary link as weU as in the rota- 

a spring with one end thereof rotationally supported on 50 tional link. In addition, adjustment of the compensation 

the movable support end 33 and the other support end torque can freely be carried out also by adjusting the 

thereof rotationally supported on the stationary support mounting length of a spring set between the stationary 

end 42. link and the rotational link. 

The pperadon will be described by assiuning a coun- Furthermore, a size of a robot can be mininiized more 

tefclockwise torque about a center for rotation of the 55 by forming the rotational base into a U-shaped form, 

first arm 30 is a positive torque. Assuming a, b, ra, and In addition,.by employing a construction which per- 

$' as shown in FIG. 17 and denoting the free length of mits easy adjustment of a support end mounting posi- 

the tension coil spring 44 by LNA, the spring constant tion, the optimal spring characteristics satisfying the 

thereof by Ka and the initial tension by the compen- requirements in use such as a load or an installation 

sation torque T^ provided by the spring can be ob- 60 posture can be obtained. 

taiiied using the provided equations 2; Also, the spring can be protected by a cover, so that 

An example of a compensation torque Tea provided the cable can be prevented from being cut and the safety 

by a spring and a gravitational torque is shown in FIG. as well as the reliability can be enhaiiccd. 

2. In this case ; a gravitational torque is substantially Although the invention has been described with re- 

redjoced by a compensation torque provided by the 65 spect to a specific embodiment for a complete and clear 

spring, and the sum of the gravitational torque and the disclosure, the appended claims are not to be thus lim- 

compensation torque Tea provided by the spring 44 ited but are to be construed as embodying all modifica- 

each exerted to the second revolution driving motor 31 tions and alternative constructions that may occur to 
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one skilled in the art which fairly fall within the basic the direction of the compensation torque provided 

teaching herein set forth. by said spring means so that the absolute value of 

What is claimed is: the sum of the gravitational torque and the com- 

1. A robot comprising a stationary rest fixed on a pensation torque wiU be smaller than the absolute 
floor, a rotational base rbtationally supported on said t value of the gravitationa] torque substantially 
stationary rest, a first arm rotationally supported on the throughout an operational range of the robot re- 
rotation base» and a second arm rotationally supported gardless of the installation posture of the robot 
on said first arm; wherein a stationary support end is including mounting of the robot on one of the floor 
provided proximate to said stationary rest on said rota- and the ceiling. 

tional base, a movable support end is provided proxi- 10 6. The robot according to daim 5, in which changing 
mate to the center of rotation of said first arm on said the direction of the compensation torque by the mount- 
first arm, and a spring means, which is rotationally ing position adjusting means is carried out by at least 
supported, is disposed on said stationary support end as one of adjusting the mounting position of the spring 
well as on said movable support end, respectively. means in said rotational link and by adjusting its mount- 

2. The robot according to claim 1, wherein said rota- 15 ing position in said stationary link. 

tional base is U-shaped with a first revolving driving 7. The robot according to claim 5, wherein a plurality 

means for the rotational base fixed inside said U-shaped of spring means set positions are provided in said sta- 

space and one end of said spring means rotationally tionary link as well as in said rotational link, 

supported at the opening section of said U-shaped 8. TTie robot according to claim 5, wherein an adjust- 

^P^oc, 20 ing means for adjusting the mounting length for the 

3. The robot according to claim 1, wherein at least spring means set between said stationary link and said 
one of said spring means set positions can be adjusted. rotational link is provided 

4. The robot according to claim 1, wherein said 9. The robot according to claim 5, wherein said 
spring means is covered with a cylindrical cover. spring means comprises at least one of a compression 

5. A robot comprising: 25 coil spring, a leaf spring and a tension coil spring. 

a stationary link fixed to a stationary uistallation sur- 10. The robot according to claim 5, wherein a first 

face including one of a floor and a cdlin^ distance between an axial center line of said rotational 

a rotational link rotationally coupled to said station- Imk and an outer periphery of said spring means is 

ary link by a rotational jomt; greater than a second distance between said axial center 

an actuator for driving said rotational joint to cause 30 line and a side face of said rotational linV and also 

rotation of said rotational link; greater than a third distance between said axial center 

a spring means exerting a force between said station- line and an outer side face of said stationary link, 

ary link and said rotational link to compensate for thereby to avoid mechanical interference between said 

a gravitational torque of said rotational link; and rotational link, said stationary link and said spring 

a mountmg position adjusting means for adjusting a 35 means during rotation of said rotational Imk. 

mounting position of said spring means to change * * * « • 
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